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EFFERENT INNERVATION OF TEE VESTIBULE

André Gribenski#

{Rouen)
Organization of the efferent vestibular system

Neurognatomy —| The existence of efferent vestibular fibers,/TT¥*%

as indicated by Rossi and Cortesina (1965 a), has been accepted

for the first time by Rasmussen (1946) and proved by Petroff
(1955). He discovered a system of small diameter myelinized fibers
in the internal ear of the cat, which lead to the vestibular

receptors; these fibers degenerated upon sectioning the VIIIth

cranial nerve or upon a sagittal incision performed on the floor
of the IVth ventricle which showed thelr central and moreover

contralateral origin.

The centrifugal vestibular fibers were rediscovered by
Rasmussen and Gacek (1958) and by Gacek (1960), also in the ca%t.
Sectioning the vestibular root before its emergence (Figure 1)
induces the degeneration of the disseminated fibers in the many
branches of the vestibular nerve and proceeds to the sensory
epithelium of the cristae and maculae| (Figure 2). The same sec-
tioning also reaches the olivo-cochlear flbers since they leave
the bulb via the vestibular nerve {(Gribenski, 1968); lesions
existing in the lateral vestibular nuclei or Dbiters nucleus (not
the lesions concerned only wilth other nuclei) make fthe efferent

vestibular fibers degenerate without affecting the cochlear fibers.

¥Professor in the Science Faculty of the University F-76, Rouen.
¥*¥Numbers in the margin indicate pagination in the original
foreign text.



Rasmussen and Gacek, opposing Petroff, did not obtain degen-
eratlon in the fibers stimulating the vestibule after saglfttal
sections on the floor of the IVthventriele. From their observations,
they concluded that the efferent vestibular fibers undoubtedly
have their origin in the lateral vestibular nucleus of the same

side.

After a labyrinthectomy in the cat, Carpenter, Baird and
Alling (1959) found that retrograde degeneration occurred 1n cells
situated in the medlan vestibular nucleus (dorsal vestibular
nucleus, or Schwalbe nucleus), both superior (Bechterew nucleus) iﬂﬁ
and inferior — but not in the lateral nucleus — as well as cells
situated in the fastigial nucleus of the cerebellum. They believe
that vestibular nueclei and fastiglal nuclei furnish the labyrinth
with both direct and intersecting efferent fibers. The same
results were obtained by a sectlon of the VIIIth nerve in the

Macaque (Carpentier, 1960).

The existence of efferent vestibular filbers 1s thus established
but there remain some uncertainties with respect to establishing
thelr source in the vestibular nucleus and with respeect to the

proportion of direct and intersecting ones.

Robbins, Bauknight and Honrubia (1967) showed, by sectioning
the VIIIth nerve followed by wallerlan degeneration, that the frog
also had an efferent fiber system leading to varlous receptors '
in the vestibule. They thus confirmed, by a histclogical and
anatomical method, the existence of the centrifugal vestibular
innervation already shown in the frog by the electro-physiological
method (Schmidt, 1963; Gleisner and Henriksson, 1964).

Electron microscopy - In the sensory epithelium of the

cristae and maculae] there are 2 categories of ciliated cells

(type I and'type[II) differing by their shape and by the arrangement



of nerve endings 1in contact with them (Wers@ﬂl, 1956, 1960;
Engstrdm, 1958, 1960; Engstrim and Wersdll, 1958; Wersill and /79
Flock, 1965). Both possess, like the ciliated cells of the organ

of Corti, 2 types of nerve endlngs: very granular and non-granu-
lar (or slightly so). A célix, composed of a non-granular nerve
ending, surrounds each type I ciliated cell. The granular endings
are in contact with the calix. They are found in direct contact
with the cellular membrane of the type II ciliated cells (Figure

3).

Figure 1. Transverse section of the rachidian bulb: AEIplacement
of a section which determines the degeneration of intersecting
olivo-cochlear fibers; nglacement of a section likely .to
produce degeneration in cochlear efferent filbers (the sectlons
operated in A and B never induces degenerations among the nerve
fivers of vestibular branches}); 09 section of a vestibular
root, producing degenerations of vestibular and cochlear
efferent fibers; Da placement of the lesions of lateral ves-
tibular nuclei which induces degenerations in only vestibular
efferent fibers; PYR:L yramidal fasciculus; 08, OSAQ superior
olivary nuclei; VII G- knee of the facial nerve; NUC. V.H
trifacial nuclei; N. COCH. V.. ventral cochlear nuclei.
According to R. Gacek, in Rasmussen and Windle, Neural mechanisms
of the auditory and vestibular systems; Charles C. Thomas,
publ., Springfield, Illinois (U.S.A.).

In the organ of Corti the granular endings belong to the
efferent fibers and the non-granular endings,/to the afferent fibers.

We can belleve the same arrangement occurs in the case of the
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Figure 2. Distribution of the efferent fibers in varlous branches

of the vestibular nerve.

«++ yestibular efferent fibers; — — — cochlear efferent fibers.
According to R. Gacek, in Rasmussen and Windle, Neural mechanisms
of the auditory and vestibular systems; Charles C. Thomas,
publ., Springfield, Illinois (U.S.A.).

vestibular receptors (Wers#ll, Gleisner and Lundguist, 1967), and
this view is supported by the localization of specific acetyl-
cholinesterase in the granular endings (Hilding and Wersdl1l,
1963).

Histochemistry — Histochemlcal studies have shown the /80

presence of acetylcholinesterase. The method of Koelle and
Friedenwald (1949) or this technique slightly modified was used,
notably by Holmstedt (1957): acetylcholinesterase activity gives
rise to a brown-black precipitate of copper sulfide which permits
precise localization of the enzyme on the cut. The presence of
cholinesterase at the level of the nerve endings creates a strong

suggestion of choline-energized transmission. On the other hand,
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Figure 3. Schematic representation of 2 types of clliated cells
of vestibular sensory epithelia including thelr innervation.

Accordlng to H. Engstrdm, in Rasmussen and Windle, Neutral
Umechanlsms offthe auditory and vestibular systems; Charles
. Thonas]publ , Sprlngfield Illinecis (U.S.A.).
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Figure 4. Ampullar nerve of the posterior Jsemicircular canal..
The arrows indicate 2 of the efferent fibers thezse are colored
brown-black by the method indicating act1v1ty in acetylcholin-
esterase agents. According to R. Gacek, Y. Nomura and K. Balogh,
Acta Otolaryng. Vol. 59, 1965, pp. 541-553.




acetylcholinesterase does not exist or is found only in slight
amounts in afferent nerve fibers; as a consequence, a large amount
of acetylcholinesterase in a nerve fiber suggests considering

it as efferent (Figure 4).

Dohlman, Farkashidy | and Salonna (1958), then Dohlman (1360),
were thus able to show the presence of acetylcholinesterase at
the base of the sensory epithellium in the ampullar cristae and
the utricular maculisl in the pigeon. In the cat, Ireland and
Farkashidy (1961) found acetylcholinesterase at the same level

|\
o
=

as those 1n the nerve endings surrounding the ciliated cells,

but not in the cells themselves; moreover after section of the
vIII*h
produce wallerian degeneration. Thus the efferent (or centrifugal)

cranial nerve, it disappears in the time required to

nature of the nerve filbers which contaln and produce acetyl-
cholinesterase 1s confirmed. According to the studies of Hilding
and Wers3ll (1962), these fibers correspond to the granular
endings which are found, on the one hand, in contact with the
nerve calices surrounding type I ciliated cells, and on the

other hand, in contact with type II eclliated cells.

By the same method, Gacek, Nomura and Balogh (1965) were
able to define the distribution of vestibular afferent. fibers
in the cat and confirmed the distribution already presented by
Gacek (Figure 2). They indicate that there are 400 efferent
fibers in the common stem of the vestibular nerve but they branch
out before passing into the various branches of this nerve

proceeding to the cristae and maculael

The efferent flbers were again shown in the midst of the
vestibular nerve in the guinea pig (Rossi, 1961), in the peri-
pheral branches of this nerve in the guinea pig (Nomura, Gacek
and Balogh, 1965), the squirrel monkey (Ishii, Murakaml and
Gacek, 1967) and man (Ishii, Murakami and Balogh, 1967). Through



research in acetylcholinesterase, the impregnation of silver in
the bulbar neurons (Cajal's method) and the study of the retro-
grade cellular modifications after sectioning the VIIIth nerve
(Nissl] coloration), Rossi and Cortesina (1962, 1963, 1965a and b)
studled the fasciculi of the cochlear and vestibular efferent
fibers in the gulnea pig and rabbit; they d4did not find inter-
secting vestibular efferent fibers (Rossi, 1964).

Activity and function of the efferent vestibular system /82

Effect of acetylcholine on vestibular receptors -— The
efferent fibers have been considered most likely choline-energetic.
It 1s therefore important to learn the effects of acetylcholine

on vestibular receptors. Rossi, Voena, | Buongliovanni and Cortlesina

(1964) were able to introduce acetylcholine or an anticholines-
terase agent 1nto the endolymph by fistullzation of the lateral
canal in the rabbit. In many cases they obtalned a horizontal-
rotatory nystagmus whereby the rapld component was directed
toward the opposite side of the ear. The nystagmus lasted a few
minutes. It would seem plausible to deduce that an accumulation
of acetylcholine at the ampullar cristae level of a semi-circular
canal inhibits afferent nerve transmisslon. The same experiments
revgéled signs of an interdependence which maintalned an equili-
brium between the two vestibules. | This interdependence could
depend ﬁpon the activity of efferent nerve fibers.

Stimulation of the efferent vestibular system — The labyrinth
of the frog is particularly favorable for experimentation due to

the arrangement of the vestibular nerve where the various branches

are easily accessible (Figure 5). Schmidt (1963), in removing the
nerve of an ampulla or of an otolithic organ, collected efferent
potentials on this nerve produced by bending a foot, by a pressure
of the stomach or on the ocular orb, by stimulation of the semi-

circular canals (Figure 6). Stimulation of an ampulla gave rise
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Figure 6. Efferent activity directed toward the anterior ampulla
of the frog. The left anterior ampulla 1s detached from the
ampulla and placed on an electrode; potentials of efferent
activity run through them while the vestibular apparatus 1is
stimulated by a movement. I- rotation about a vertical axis
in the counter-clockwise direction; II- rotation in the
clockwise direction; III- inclination movement toward the rear;
IV- ineclination movement toward the front or as certain other
receptors are stimulated; V- (pressure on the animal abdomen) .
The line placed under the recording of| the action potentials
represents the stimulus. For I, II, III, and IV, it is first
horizontal, then inclined {(during the movement), finally
horizontal again; this line carries the marks which constitute
the time recordings (frequency: 10 per sec). In V, the double
line indicates the duratlon of the stimulus.

The same stimulations produce similar action potentials
directed toward the other ampullae and toward the otolithic
receptors of the labyrinth. All the efferent action potentials
Gisappear after sectioning the VIIIth nerve between the rachidian
bulb and the otic capsule. According to R.S. Schmidt;Acta
Oto-laryng. Vol. 56, 1963, pp. 51-64.
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Figure 7. Efferent action potentials produced by the stimulation
of the left lateral canal in the frog. The ampulla of the left
lateral canal 1s stimulated by rotation; the efferent potentilals
are collected on various branches of the vestibular nerve,
detached from the corresponding receptors. AAh- homolateral
anterior ampulla; AAc- contralateral anterior ampulla; APh-
homolateral posterior ampulla; APc- contralateral posterior
ampulla; ALh- homolateral lafteral ampulla (here, it is well
understood, the nerve was only partially detached from the ampulla
and we could only record one portion of its efferent activity.
This recording then has the benefit of showing that the stimula-
tion of a receptor can act on the recepfor itself through the
route of the efferent ampuila; 8h- homolateral saccule; SC-
contralateral saccule.

The line appearing below each recording of the action poten-
tials represents the rotatlon, by its inclined part. It carries
marks which indicate the time (frequency: 10 per sec). According
to R.S. Schmidt, Acta Oto-laryng. Vol. 56, 1963, pp. 51-64.

to efferent potentials being propagated towards all the homolateral
and contralateral vestibular recepftors, especially toward the
stimulated ampulla itself (Figure 7). In a "ﬁbcturus" another

genus of Batrachians, Schmidt (1965) similarly collected afferent
vestibular potentials by stimulating the labyrinthic receptors

with vibrations. Research by Gleisner and Henriksson (1964) confirm
that the stimulation of a lateral ampulla by rotation in the frog,
gives rise to efferent pofentlals on the lateral ampullar nerve

of the oppeosite side.



5,0
e B
o Bl Ty
(Recording of the | ﬂjﬂ% o Recording the electrical] |
leleCtPlcal potential | 2 ;;33 polarizatlon of the Tabyrinthy
of the labyr-inth[ =9 sla’n <
| ol el f |
: .“ngtﬂg = Recording the |- Stimulation of
; BB T o ‘afferent activity the Deiters
! wti, OB IRISE 0 of the vestibular| nucleus]
- HEHIE nervel
B 1T 1
Figure 8. Stimulation of the Figure 9. Faradic stimulation
right labyrinth modifies the of Deiters nucleli of the
rest potentlal of the left right side prcduces a hyper-
labyrinth. According to O. Sala,] polarization of the left laby-
Acta Qto-laryng. Vol. 59, rinth and reduces the afferent
1965, pp. 329-337. activity of the left vesti-

bular nerve. According to
0. Sala,l Acta Oto-laryng.
Vol. 59, 1965, pp. 329-337.

It is also byelectrophysiclogy that Sala (1964, 1965) showed
the existence of efferent innervation of the vestibule in the cat.
Thermal stimulation of a labyrinth (irrigation of the ear with
warm or cold water) modifies the start of polarization {laby-
rinthic potential of rest) of the stimulated labyrinth and of the
contralateral labyrinth|(Figure 8). The faradic stimulation of
Deiters nucleus onféne side produces a hyperpclarization of the
contralateral labyrinth. It also reduces the activity of the
contralateral vestibular nerve (Figure 9), and therefore its
spontaneous activity (Figure 10) and the activity due to a de-
polarization of the corresponding labyrinth by cathodic stimula-
tion (Figure 11). These effects can only be due to a bringing
into play of the efferent vestibular system because it disappears
following a small displacement of the stimulating electrodes or

of a sagittal section carried about on the floor of the IVth ven-

trical between the ftwo Delters nueclel. Afferent and efferent
innervation of the vestibule formg/circuits of retroaction. Ef-
ferent innervation zlso permiEsrus to understand the interactions
between the labyrinths, as well as the effects produced on the
labyrinth and the contralateral vestibular nerve by the stimulation

of a vestibular nucleus (Figure 12).

10
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"Figure 10. Reduction of spontaneous activity of the right ves-
fibular nerve during the stimulation of the left Deilters nucleus.

a- spontaneous activity of an afferent unity of the right vesti-
bular nerve; b~ decrease in the activity during the stimulation
oﬁJDeiters nucleus; c- spontanecus activity of the same fiber
after the end of the stimulation of Deliters nucleus. According
to 0. Sala;] Acta Oto-laryng., suppl. 197.

Bertrand and Veenhof (1964) collected efferent activity 1n
the rabbit produced on the vestibular nerve by the stimulation of

the contralateral labyrinth.

Role of the efferent vestibular system — Through clinical /86

observations and experimental research we know that the cerebral
cortex, the sub-cortical centers, and the cerebellum influence
the vestibular reflexes. Stimulation of the temporal cortex
modifies the activity of vé%tibular rnucleii. It increases the
frequency of the discharge of certain neurons of the Deiters
nucleus, while it 1nhilbits cther neurons of the same nucleus N
(Arslan and Molinari, 1965). The Influence of the cortex and of

the sub-cortical nuclei on the vesftibulo-occular reflex arc is

11



“-’--.u,--;l B ¢L.a 'lv\qr-...r- ~~—— ,,_.F l“%

8 oplea -'i:.“, W W
a E‘v‘q%‘d"h‘j’; i T I e P I e Rer R

' - ; i

DE! ‘!-t 1 TS T ‘5._.1._; Loa )

S Lo TR '
- . H [ .

LR L L

T ,;'i' r@

l

--"‘-"‘.-‘..?tiL,H, ."‘"“

cp t

L4 ——
HEIES RN P T T e '3
l‘; i{il ih;i ii ;{ | Ei‘%‘

[t i - { l ’ l ’

¢ v L S LS R TN SN S pon

5 ] Ly ' Ty me - -—-[,- '.-;-l R Sg 1%}.,:"-’;‘?

Figure 11. "Reduction of activity of the right vestibular nerve
during a stimulation of the left Deifers nucleus. a- spontaneous
activity of the right vestibular nerve; b- activity of the same
nerve responding to the depolarization of the corresponding
labyrinth; c¢- reduction of this activity during the stimulation
of Deiters nuclel (the regularly spaced spikes directed towards
the top of this trace represents the stimulation); d- activity
of the same vestlbular nerve after the end of stimulation of
Deiters nucleus (the depolarization of the labyrinth being
maintained); e- spontaneous activity of the same nerve while
we suppressed the depolarization of the labyrinth (the frequency
of action potentials 1s sensibly the same as in a). According
te 0. 3Sala, Acta Otc-laryng., suppl. 197.

partly produced at this level. It 1s possible that there also
exists a control of the cortical and sub-cortical origin at the
level of the oculo-motor nuclei. But we can equally ask whether

the cortical, sub-cortlcal and cerebellar influsnce do not act

12
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Flgure 12. Diagram of the relationship between afferent and
efferent vestibular innervations, according to Sala.

So0lid lines~ efferent vestibular fibers and connections between
the 2 efferent vestibular systems; dashes and dots- efferent
vestibular filbers; dashes- connections between the efferent
vestibular system with the superior nerve centers; 1- vestibular
receptors of two ears; 2 and 3- vestibular nuclei (2- first
relay of the afferent vestibular routes; 3- source cells of the
efferent vestibular system). According to O. Salay|Acta-laryng. ,
suppl. 197.
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Vestibular nerve)

Figure 13. Nerve connections explaining the cortical, sub-cortical
and cerebellar activities on the vestibular nuclei, and possibly
on the vesltibular receptors themselves.

Solid lines- afferent vestibular fibers, corticipetal and cere-
bellipetal fibers; dashes- corticifugal fibers, cerebellifugal
fipers, efferent vestibular fibers. The vestibule forms part
of the loops of retroaction which close at the level of the

vestibular nuclei but also of other ecircults closing aft superior
levels.

13



on the vestibular receptors themselves through the efferent fibers
which arise from the vestibular nuclei (Gernandt, 1967). The
connections which exist among the cerebral cortex, reticulated
formations, cerebellum, vestibular nuclei and the vestibule,

lead us to belleve that there is a central regulation of the /87
functioning of peripheral vestibular apparatus (Figure 13). It

is also plausible that a retroaction loop exlsts with which the
vestibule itself would participate in this regulation. We know

that efferent mechanisms exist which are capable of inhibiting

the activity of many receptors: olfactory| bulb, retina, cochlea,
neuro-muscular fasciculus. Undoubtably it 1s the same for the
vestibule. This reminds us of the results of certain experiménts

by Sala (1964, 1965). 1In this case, the role of the efferent
vestibular system — a role which has not been shown until presently
(Giesen and Klinke, 1969) — dould be to allow the control and

the regulation of afferent messages coming from the seml-circular

canals and ofeclithlc organs.

On the other hand, Fluur (1961) states that a unilateral
labyrinthectoiﬁq produces a facilitating effect on the preserved
labyrinth, which is probably due to the suppression of an inhibl-
tory influence exercised by one labyrinth on another (an influence
which would necessarily utilize the route of efferent fibers).

But this hypothesis remains to be examined in the light of eXxperi-
ments on animals. Following their observations on caloric and
rotatory habituation, Fluur and Mendel (1962a and b, 1963, 1964a
and b) believe that the efferent innervation could play a role in
"habituation" (or adaptation) of the vestibular apparatus. This
is also suggested by MacCabe and Gillingham (1964). Here again,
we are dealing with a hypothesis. Adaptation is a central phenom-

enon and there could be other mechanisms to explain 1t.

14
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